The objectives of the current research were to determine the effect of weaning on fecal shedding of Salmonella and Escherichia coli O157:H7 in dairy calves and to examine cultured isolates (to include Enterococcus) for antimicrobial susceptibility. This research was conducted on one large commercial dairy (>3000 head) in the southwestern United States. Two collections were made, during the winter ( January 2009) and summer ( July 2009) seasons. For the winter collection, two groups of calves were sampled (group 1: n ¼ 18 pens, 69 head, *12 weeks of age; group 2: n ¼ 19 pens, 75 head, *10 weeks of age). Fecal samples were collected from all calves via rectal palpation 2 days pre-and again 2 days postweaning. For the summer collection, one group of calves housed in 40 pens were utilized and 79 and 76 calves sampled 7 days pre-and 5 days postweaning, respectively. Fecal samples were collected into sterile palpation sleeves, placed on ice, and shipped to our laboratory for bacterial culture of E. coli O157:H7, Salmonella, and Enterococcus. Antimicrobial susceptibility was determined on select isolates. No differences ( p > 0.10) in prevalence of Salmonella or E. coli O157:H7 were observed due to weaning in the winter collection. In the summer collection, more ( p < 0.01) fecal samples were Salmonella positive preweaning (15.2%) as compared to postweaning (2.6%). No differences were observed for antimicrobial susceptibility in isolates collected pre-as compared to postweaning in either winter or summer collections, with the exception that multidrug-resistant Enterococcus faecium isolates preweaning were resistant to six antibiotics compared to seven or eight antibiotics postweaning (summer collection). Results of the current research indicate that the weaning of dairy calves does not increase the prevalence of pathogenic bacteria or substantially modify antimicrobial susceptibility profiles of these bacteria.
Introduction

D
airy cattle have been identified as important reservoirs for the pathogenic bacteria Salmonella and Escherichia coli O157:H7 (Zansky et al., 2002; Edrington et al., 2004a) , although factors influencing the on-farm carriage of these bacteria within the animal's gastrointestinal tract (GIT) are poorly understood. Previous research has examined the role of various management factors such as size of farm, type of housing, feedstuffs utilized, and reported only modest correlations to pathogen prevalence (Wells et al., 1998; Kabagambe et al., 2000; Huston et al., 2002) . Seasonality of pathogen shedding, similar to what is observed for E. coli O157:H7 prevalence in feedlot cattle (Edrington et al., 2006) , has likewise been reported for Salmonella and E. coli O157:H7 in dairy cattle (Hancock et al., 1997; Wells et al., 2001; Edrington et al., 2004a) .
More recently, the emergence of multidrug-resistant (MDR) bacteria affecting humans and the possible role of livestock production practices in development and=or dissemination of this resistance has been the subject of considerable research and debate (Cohen and Tauxe, 1986; Khachatourians, 1998) . Research examining the prevalence of MDR Salmonella in dairy cattle suggests that MDR isolates generally belong to a few serotypes (Zansky et al., 2002; Edrington et al., 2004b Edrington et al., , 2008 , even when many different serotypes are present in the cattle, and that they are often clustered within certain classes of dairy cattle on the farm (Edrington et al., 2008; Wells et al., 2001) . Previous research conducted by our laboratory indicated that young calves (<2 months of age) and cows in the fresh=sick pen were most likely to harbor MDR Salmonella (Edrington et al., 2008) . There are several feasible explanations for this observation, including previous antibiotic treatment, stress, impaired immune system, and an immature or compromised gut microflora, all of which alone or in combination could explain the increased incidence of MDR Salmonella.
In young dairy calves Salmonella is much more likely to produce clinical symptoms of disease, whereas mature dairy cattle are generally asymptomatic carriers. This would suggest that maturation of the GIT and microflora may play a key role in the prevention of salmonellosis in dairy calves. Calf raising programs vary from farm to farm on dairy operations throughout the United States, but in general involves removal of the calf from the dam at 1 day of age, individual housing, and twice a day feeding of milk replacer (medicated or nonmedicated), nonsalable whole milk (waste-milk from medicated cows), or a combination of the two. A palatable starter feed is introduced, and once intake is deemed adequate, the liquid portion (milk=milk replacer) of the diet is removed and the calves weaned to solid feedstuffs and water. Removing the milk portion of the diet may be a gradual or quick process depending on the farm's management preference and may take place from 1 to 3 months of age. On the basis of our observations in previous research, we speculated that current management practices in regards to weaning dairy calves could potentially provide a disrupted gut ecosystem more susceptible to Salmonella colonization. Therefore, the objectives of the current research were to determine the effect of weaning on fecal shedding of Salmonella and E. coli O157:H7 in dairy calves and to examine cultured isolates (to include Enterococcus) for antimicrobial susceptibility.
Materials and Methods
This research was conducted on one large commercial dairy (>3000 head) in the southwestern United States. The calf raising protocol is described briefly below. During the first 24 h after birth, calves are administered a rhinotracheitisparainfluenza type 3 vaccination (TSV-2; Pfizer, New York, NY), passivly immunized against Arcanobacterium pyogenes, E. coli, Mannheimia haemolytica, Pastureurella multocida, and Salmonella typhimurium (Bovi-Sera; Colorado Serum Co., Denver, CO) and given both a vitamin A and D (Vedco, St. Joseph, MO) and mineral (Mineral Max II; RXV Products, Westlake, TX) injections. At 5 days of age, calves received vaccination against Moraxella bovis (Piliguard Pinkeye-1; Schering-Plough, Whitehouse Station, NJ). All calves received *2.5 quarts of colostrum (pooled from cows) twice a day for 3 days (pure colostrum on day 1; diluted if limited availability on days 2 and 3). Calves are then fed similar amounts of pasteurized waste milk with or without added milk replacer (depending on waste milk availability) for 15 days via bottles. Animals are then bucket fed three quarts of the above, twice a day until 12 weeks of age at which time milk feeding is discontinued. Throughout this 12-week period, calves are offered an alfalfa hay=starter feed-free choice. The starter feed is a typical concentrate ration fed to young calves formulated to meet all of the nutrient requirements when supplemented with hay. Calves are housed in individual pens under an open shed for the first 2 weeks and transferred to pens holding two calves each to 8 weeks of age and then to pens of four animals from 8 weeks through weaning. During the entire weaning process, bottles and buckets are washed and sanitized daily between feedings, fresh feed and water is provided daily, and animals are housed with cohorts of similar ages. Grouped penned animals were capable of nose to nose contact through the fence panels. All calves and heifers are housed on a portion of the dairy apart from the lactating herd.
Sample collection
The influence of weaning on pathogen populations was evaluated twice, during the winter ( January 2009) and summer ( July 2009) seasons. For the winter collection, two groups of calves were sampled. The first group (n ¼ 18 pens, 69 head) was weaned on January 17, 2009, at *12 weeks of age (average body weight ¼ 122 kg) and the second group (n ¼ 19 pens, 75 head) were weaned ( January 21, 2009) at *10 weeks of age (not weighed at weaning; estimated body weight 110 kg). Fecal samples were collected from all calves via rectal palpation 2 days pre-and again 2 days postweaning. Fecal samples were collected into sterile palpation sleeves, placed on ice, and shipped to our laboratory in College Station, Texas, for bacterial culture described below. For the summer collection, one group of calves housed in 40 pens were utilized and 79 and 76 calves sampled 7 days pre-and 5 days postweaning, respectively. One pen housed only one calf and three calves died between the pre-and postweaning collections. Calves age ranged from 11 to 14 weeks. Individual rectal grab samples were collected and shipped for processing as described above.
Bacterial culture and isolation
Fecal samples were processed the day following collection. Qualitative and quantitative analysis of E. coli O157:H7 was conducted as described previously (Robinson et al., 2004) and modified (Brichta-Harhay et al., 2007) . Salmonella (qualitative and quantitative culture) and Enterococcus spp. (qualitative culture only) were cultured as described by Edrington et al. (2009) . Quantitative data for bacterial counts were compared as log transformations in the statistical analysis.
Determination of antimicrobial susceptibility
Antimicrobial susceptibility was determined using the Sensititre automated antimicrobial susceptibility system according to the manufacturer's directions (Trek Diagnostic Systems, Westlake, OH). Broth microdilution was used according to methods described by the National Committee for Clinical Laboratory Standards (CLSI, 2005) using the NARM's panel (Salmonella and E. coli O157:H7) for Gram-negative isolates and the Gram-positive panel for Enterococcus species. Resistance breakpoints were determined using the NCCLS interpretive standards (CLSI, 2005) unless unavailable, in which case breakpoints in the NARMS 2000 Annual Report (FDA, 2000) or those provided by Trek Diagnostic were used. E. coli ATCC 25922, E. coli ATCC 35218, and E. faecalis ATCC 29212 were used as quality control organisms.
Statistical analysis
Data were analyzed using SAS Version 8.02 (SAS Institute, Inc., Cary, NC). The Mantel-Haenszel chi-square analysis using the PROC FREQ procedure to determine influence of time (pre-and postweaning) on qualitative bacterial culture data was utilized. Quantitative data expressed as CFU=g feces were subjected to analysis of variance to determine the 396 EDRINGTON ET AL.
influence of weaning on fecal concentrations. The first compared treatment data of positive samples only and were used only to calculate the means for those samples. The second assigned a value of 1.0 to all negative samples and this data group was then used in the statistical analysis. Differences among means were considered significant at a 5% level of significance.
Results
Winter collection
The prevalence of Salmonella cultured from the feces of two groups of dairy calves collected 2 days pre-and postweaning is presented in Table 1 . Three fecal samples were Salmonella positive after direct plating, two pre-weaning and one postweaning, with similar Salmonella concentrations [3.1 and 3.4 CFU (log 10 )=g feces for pre-and postweaning samples, respectively]. More samples were Salmonella positive after enrichment, but no differences ( p > 0.10) were observed between groups or due to weaning (Table 1) . Similarly, pen prevalence (percentage of pens with at least one Salmonellapositive calf) was not influenced by weaning ( p > 0.10; Table  1 ). Two fecal samples (one each pre-and postweaning) were culture positive for E. coli O157:H7 (data not shown). The percentage of Enterococcus (identified as E. casseliflavis)-positive samples was not different ( p > 0.10) among groups or after weaning (62.2% and 48.7% positive for pre-and postweaning collections, respectively). Concentrations of Enterococcus were expected to be low and therefore not determined.
Antimicrobial susceptibility was examined on 19 Salmonella isolates (11 and 8 from the pre-and postweaning collections, respectively; Table 2 ). All of the Salmonella isolates were susceptible amikacin, gentamicin, ceftriaxone, ciprofloxacin, and naladixic acid (data not shown). Most of the observed resistance was to streptomycin, ampicillin, sulfisoxasole, and tetracycline; however, this was not significantly affected by weaning ( Table 2) . Three of the isolates (two pre-and one postweaning) were susceptible to all antibiotics, with the majority of the remaining isolates resistant to four or five antibiotics each (Table 3) . One isolate (pre-weaning) was resistant to 10 antibiotics. Patterns of resistance were ACSuT, ACSSuT, or MDR-AmpC (one isolate; Table 3 ). Two E. coli O157:H7 isolates were examined and both found resistant to ampicillin, kanamycin, streptomycin, sulfisoxasole, and tetracycline (data not shown). All Enterococcus isolates were pan susceptible to all antimicrobials examined, including vancomycin (data not shown). Serogrouping of the Salmonella isolates found the majority (84%) belonged to group B with a total of three different serogroups represented (B, D 2 , and poly AI-vi).
Summer collection
Salmonella prevalence for the summer collection is presented in Table 4 . None of the fecal samples collected pre-or postweaning had quantifiable populations of Salmonella. After enrichment, more ( p < 0.01) fecal samples were Salmonella positive preweaning (15.2%) than postweaning (2.6%). As expected, pen prevalence was also significantly higher preversus postweaning (Table 4) . No samples contained quantifiable concentrations of E. coli O157:H7 and only one sample was positive after enrichment (preweaning; data not shown). Similar to the winter collection and the Salmonella data in the summer, Enterococcus (Faecalis, Faecium, and untyped) prevalence was higher ( p < 0.05) preweaning (87.2%) than postweaning (55%). Salmonella isolates belonged to five different serogroups (B, C 1 , C 2 , E 4 , and G), the majority of which (57%) were E 4 .
Of the 14 Salmonella isolates screened for antibiotic resistance, only one (preweaning) demonstrated resistance to the antimicrobials examined (ampicillin, chloramphenicol, streptomycin, sulfisoxazole, and tetracycline), all others were pan susceptible (data not shown). Forty-seven Enterococcus isolates were examined, 31 and 16 isolates from pre-and postweaning collections, respectively. All isolates were susceptible to daptomycin, flavomycin, kanamycin, linezolid, nitrofurantoin, tigecycline, and, importantly, vancomycin (data not shown). With few exceptions, E. faecalis and the unknown isolates (pre-and postweaning) were all resistant to erythromycin, lincomycin, streptomycin, tetracycline, and tylosin (Table 5) . Enterococcus faecium isolates were generally resistant to the previously mentioned antimicrobials plus Fecal samples were plated directly to quantify bacterial populations (DIR) or enriched before plating for qualitative analysis (ENR). a A pen was considered Salmonella positive if at least one fecal sample from that pen was culture positive by either method.
ciprofloxacin, penicillin, and quinupristin=dalfopristin. Only a few modest differences in isolate susceptibility were observed pre-and postweaning. Resistance to gentamicin was observed in two isolates preweaning, whereas resistance to chloramphenicol and penicillin was observed only in postweaning isolates (Table 5 ). Few Enterococcus isolates were susceptible to all the antimicrobials examined (10% and 6% for pre-and postweaning isolates, respectively; Table 6 ). Preweaning, the majority of Faecalis and unknown isolates were resistant to five antimicrobials, whereas most Faecium isolates were resistant to six antibiotics. Postweaning, Faecalis and unknown isolates were resistant to five and six antibiotics, whereas most Faecium isolates were resistant to seven and eight antibiotics (Table 6 ).
Discussion
The effects of stress on immune function and on fecal shedding of pathogenic bacteria in particular are not clearly understood. In general, it is thought that stress suppresses the immune system, thereby increasing the animal's susceptibility to disease or to colonization or population increases of pathogenic bacteria (Salak-Johnson and McGlone, 2007) . Others have reported the contrary, that stress enhances the immune system (Morrow-Tesch et al., 1994; Sutherland et al., 2006) or has no effect on immunity (McGlone et al., 1993; Hicks et al., 1998) . Type (physical, psychological, or physiological) and duration (acute or chronic) of stress, as well as age, genetics, and social status all appear to influence the immunological response to stress (Salak-Johnson and McGlone, 2007) . Abrupt weaning and disruption of the social group in calves was reported to influence immune responsiveness (Hickey et al., 2003) . In regards to pathogenic bacteria, transportation stress has been reported to increase the proportion of Salmonella-positive pigs, but was not affected by feed withdrawal before transport (Isaacson et al., 1999) . Pathogenic bacteria challenges have been shown to alter various aspects of immunity and the immune response (SalakJohnson and McGlone, 2007) . In pigs, postweaning diarrhea is a common disease caused by E. coli occurring during the 2-week period after early-weaning that is exacerbated by stressors but may not involve modulation of the immune Resistant to ACSSuT plus amoxicillin=clavulanic acid and ceftiofur, and a decreased susceptibility to ceftriaxone (MIC > 2 mg=mL). MDR, multidrug-resistant.
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system ( Jones et al., 2001) . Numerous types of stress have been reported to increase fecal shedding of Salmonella in pigs; however, there is no conclusive data showing a direct association between stress or immune status and increased shedding or susceptibility to Salmonella infections in swine (Dickson et al., 2002) . Taken together, these reports suggest that stress does increase susceptibility to colonization and=or shedding of pathogenic bacteria, but occurs as a result of disruption of the gastrointestinal environment (such as occurs with feed withdrawal, weaning, etc.) and not as a direct result of stress affecting the immune system. Recently, we reported that Salmonella was more prevalent in young calves and cattle in the sick=fresh pen and that these animals should be the primary concern when it comes to MDR Salmonella in southwestern United States dairy herds (Edrington et al., 2008) . Both of these groups of cattle likely experience stress of some type, which may explain the increased pathogen prevalence. Possibly a weakened (sick= fresh cattle) or immature (calves) immune system allows for increased Salmonella colonization of the GIT. Microbial ecology of the GIT may also play a role in the carriage of MDR Salmonella. Calves have an immature, developing gut microflora that increases their susceptibility to a number of opportunistic bacterial pathogens. Similarly, cattle in the sick=fresh pen may also have a compromised gut microflora as a result of their health status, antibiotic therapy (sick cows) or due to changes in diet (fresh cows), whereas animals with apparently healthy, normal gut microflora (heifers, lactating cows, and dry cows) harbored few MDR Salmonella (Edrington et al., 2008) . On the basis of this research, we hypothesized that calves undergoing the weaning process may be more likely to shed Salmonella and other important bacteria.
Results of the current research suggest just the opposite, however, as weaning had no effect on Salmonella or E. coli O157:H7 populations or prevalence in dairy calves in the winter study and decreased Salmonella prevalence in the summer study. The decrease in Salmonella prevalence is likely related to maturation of the digestive system and an age-related competitive exclusion by a more developed micorflora. Overall, Salmonella prevalence was fairly low, averaging *6%, which is considerably lower than reported in previous research (Edrington et al., 2008) . This could be a result of a number of different factors as we have reported significant variation in Salmonella shedding in dairy cattle previously (Edrington et al., 2004a) . The most likely explanation, however, may be related to calf age. The calves sampled in the current research were older than calves sampled previously (Edrington et al., 2008) and likely had a more developed gut microflora and immune system. Additionally, these calves were reported to be well adapted to a grain and hay ration; therefore, the removal of the milk portion of the diet probably had little effect on overall health and performance of the calves. This of course is the goal of the weaning program, to make the transition from a liquid to solid diet as smooth as possible.
As our previous research (Edrington et al., 2008) indicated that not only Salmonella prevalence but also MDR Salmonella prevalence was higher in calves, we examined the Salmonella isolates for antimicrobial susceptibility. In general, the antimicrobial susceptibility data were not a cause for concern. Although some MDR isolates were detected, almost all of the observed resistance in Salmonella isolates was to antimicrobials routinely utilized in veterinary medicine and not to those used to treat human infections. One isolate was resistant to 10 antibiotics with a decreased susceptibility to ceftriaxone (MDR-AmpC). In addition to screening Salmonella isolates for antimicrobial susceptibility, we also cultured and examined a number of Enterococcus isolates from these animals. Data represent the number of isolates resistant to the MIC listed for each antibiotic.
Enterococci are important Gram-positive bacteria that inhabit the GIT of humans and other mammals, including cattle. Certain species of Enterococci can produce life-threatening infections in humans, in part due to the intrinsic resistance to many classes of antibiotics. Recently, certain strains of Enterococci have developed resistance to vancomycin, the antibiotic of choice to treat enterococcal infections in humans. Only one strain of Enterococcus was isolated in the winter collection, E. casseliflavis, and all were found to be pansusceptible to the antibiotics examined. During the summer collection, E. faecium and faecalis were both isolated, and although many isolates of both species were MDR, all were susceptible to vancomycin. The observed changes in E. faecium resistance patterns, precompared to postweaning, indicate that additional resistance (to chloramphenicol and penicillin) was acquired after the weaning process. It is unknown why these resistance patterns were displayed only in postweaning isolates as these antibiotics were not routinely administered during the weaning process. Possibly, the shift in gut microflora pre-to postweaning allowed for the transfer of these resistance genes from a new member of the microflora to the E. faecium isolates we recovered. Results of the current research indicate that the weaning of dairy calves had no effect on E. coli O157:H7 and, contrary to our hypothesis, decreased Salmonella populations in the summer collection. Additionally, there were no to minimal effects of weaning on the antimicrobial susceptibility profiles of these bacteria. Care should be taken not to over-interpret these data as these were collected from a single dairy and represents only a few snapshots of pathogen prevalence over time. Those working in this area of research are well aware of the fluctuations in pathogen prevalence in cattle that occurs and varies within an animal, groups of animals, farms, and regions. Understanding which, if any, dairy production practices influence populations of pathogenic bacteria is an important step in reducing on-farm populations and ultimately reducing human exposure.
Acknowledgment
A portion of this research was funded by the Food Animal Concerns Trust.
Disclaimer
Mention of trade name, proprietary product, or specific equipment does not constitute a guarantee or warranty by the U.S. Department of Agriculture and does not imply its approval to the exclusion of other products that may be suitable.
Disclosure Statement
No competing financial interests exist. 
